Antiandrogens given to antagonize androgen receptor (AR) activity gradually lose their efficacy as antagonists and eventually function as agonists to promote (instead of block) AR-mediated growth of prostate cancer cells. The mechanisms of how antiandrogens acquire this agonist activity during hormonal therapy are largely unknown. Here, we report that expression of a dominant-negative AR-associated protein 55 (dARA55) coregulator, inhibits AR transcriptional activity and reduces the agonist activity of antiandrogens. Inducibly expressed dARA55 inhibits prostate-specific antigen and cell growth in prostate cancer cells. Further dissection of the molecular mechanism shows dARA55 can selectively suppress endogenous AR-associated protein 55 (ARA55) enhanced AR transactivation by means of interruption of dimerization between ARA55 and ARA55. These results were confirmed by using RNA interference-mediated silencing of the ARA55 gene. These results therefore provide evidence that AR function could be suppressed without mutation or change in AR itself. Taken together, these findings not only demonstrate the important roles of the ARA55 coregulator in the AR-mediated growth of prostate cancer, they also may provide a critical target for developing therapeutic agents for the antiandrogen therapy that almost always fails in the treatment of hormone-refractory prostate cancer.
Antiandrogens given to antagonize androgen receptor (AR) activity gradually lose their efficacy as antagonists and eventually function as agonists to promote (instead of block) AR-mediated growth of prostate cancer cells. The mechanisms of how antiandrogens acquire this agonist activity during hormonal therapy are largely unknown. Here, we report that expression of a dominant-negative AR-associated protein 55 (dARA55) coregulator, inhibits AR transcriptional activity and reduces the agonist activity of antiandrogens. Inducibly expressed dARA55 inhibits prostate-specific antigen and cell growth in prostate cancer cells. Further dissection of the molecular mechanism shows dARA55 can selectively suppress endogenous AR-associated protein 55 (ARA55) enhanced AR transactivation by means of interruption of dimerization between ARA55 and ARA55. These results were confirmed by using RNA interference-mediated silencing of the ARA55 gene. These results therefore provide evidence that AR function could be suppressed without mutation or change in AR itself. Taken together, these findings not only demonstrate the important roles of the ARA55 coregulator in the AR-mediated growth of prostate cancer, they also may provide a critical target for developing therapeutic agents for the antiandrogen therapy that almost always fails in the treatment of hormone-refractory prostate cancer. P rostate cancer is the most frequently diagnosed malignancy in aging men and the second leading cause of cancer-related deaths, claiming Ϸ40,000 men each year in the United States (1) . Androgens and androgen receptor (AR) play important roles in this malignancy, and for the past 50 years androgen ablation has remained a major therapeutic option for the treatment of locally advanced or metastatic prostate cancer. Being androgendependent, prostate tumors quickly regress upon androgen ablation therapy as carried out by surgical or pharmacological castration (2, 3) . Although complete disappearances of symptoms are achieved in a few cases, in most of the cases the response does not imply cure for the disease. Tumor progression and therapy failures are very common when treatment is continued for many months or years (4) . A major contributory factor for such therapy failures may be the presence of a substantial amount of adrenal androgens that are readily convertible to 5␣-dihydrotestosterone (DHT) in the prostate tissue (5, 6) . Recently, ablation therapy has been supplemented with antiandrogens to produce the effect that is called a complete androgen blockade (6, 7) . Although this rational use of ablation and antiandrogens was expected to completely block AR-mediated growth and progression of prostate cancer, this combined therapy also failed to show any significant improvement in the 5-year survival of the prostate cancer patients (8) . Although 80-90% of patients initially respond favorably, this therapy fails to sustain its efficacy when continued beyond 1-2 years. Tumors gradually become resistant, androgen dependency is lost, and, eventually, the majority of the patients develop androgen-independent progression of the disease. This condition is called ''hormone-refractory'' prostate cancer, which is not curable by any present-day therapy. The AR loses its specificity and becomes activatable by antiandrogens or other nonandrogenic molecules, which has been a major problem in treating these patients. The molecular events that result in antiandrogens losing their efficacy as antagonists and͞or transform them into androgenic molecules to promote AR-mediated growth are mostly unknown. One of the hallmarks of hormonerefractory prostate cancer is that growth still depends largely on activation of the AR (9). All possible androgen-independent pathways so far identified eventually promote cell growth through the activation of AR signaling (10, 11) . A majority of androgenindependent tumors and metastases retain a functional ARsignaling pathway, giving rise to wide speculation that modulation of the AR-signaling pathway may be necessary for hormonerefractory growth of prostate cancer cells. Apart from mutations in AR itself as reported (12) (13) (14) , we believe an aberrant modulation of AR transcriptional activity by AR coregulators may contribute to such an aberrant AR-mediated growth and, in particular, to agonist activity of antiandrogens in prostate cancer cells.
AR-associated protein 55 (ARA55), one of the AR coregulators, has been characterized as having the capacity to modulate AR specificity in response to agonists and antagonists (15) . This AR coactivator has been reported to enhance AR transcriptional activity in response not only to normally weak adrenal androgens but also to the antiandrogens hydroxyflutamide (HF) and other nonandrogenic steroids, including 17␤-estradiol (E 2 ) (16) (17) (18) . A frequently occurring AR mutation (mtART877A) in prostate cancer patients promotes hypersensitivity to ARA55 in the upregulation of androgen-regulated genes. The commonly used antiandrogens, including HF, E 2 , cyproterone acetate, and bicalutamide, promote (instead of block) AR transcriptional activity in the presence of ARA55 in prostate cancer cells (18) . ARA55 also may be involved in the ''superactivation'' of AR signaling by HER2͞Neu in the presence of very low levels of androgens in prostate cancer cells (19, 20) . In addition, expression levels of ARA55 were higher in tissue samples from hormone-refractory prostate cancers than in those from androgen-dependent cancers (21) .
In the present study, using an in vitro mutagenesis and a yeast two-hybrid screening technique, we have identified a dominantnegative ARA55 mutant (dARA55) that can inhibit AR transcriptional activity by disrupting the normal function of endogenous ARA55 in the cells. Ectopic expression of this dARA55 abolishes the agonist activity of antiandrogens in prostate cancer cells. Our findings provide direct evidence for the contribution of ARA55 in the acquired agonist activity of antagonists and other nonandrogenic molecules and in making prostate cancer cells resistant to ablation and͞or antiandrogen therapy.
Materials and Methods
Chemicals and Plasmids. E 2 , DHT, and hydroxylamine were purchased from Sigma, and HF was a gift from Schering. The plasmid Abbreviations: AR, androgen receptor; ARA55, AR-associated protein 55; dARA55, dominant-negative ARA55; RNAi, RNA interference; DHT, 5␣-dihydrotestosterone; HF, hydroxyflutamide; PSA, prostate-specific antigen; E2, 17␤-estradiol; SD, synthetic dropout; MMTVLuc, mouse mammary tumor virus-luciferase. ‡ To whom correspondence should be addressed at: University of Rochester Medical Center, 601 Elmwood Avenue, Box 626, Rochester, NY 14642. E-mail: Chang@urmc.rochester.edu.
pACT2-ARA55 fused with GAL4 activation domain was the clone originally identified from the prostate cDNA library, and pAS2-AR containing the C terminus of the AR ligand-binding domain from wild-type AR fused to GAL4 DNA-binding domain, pCMX-GAL4-AR containing AR ligand-binding domain fused with GAL4 DNA-binding domain and pCMX-VP16-ARA55, and dARA55 fused to the activation domain of VP16 were constructed as described (15) . The plasmid pSG5-dARA55 was constructed by subcloning EcoRI fragment from yeast vector pACT2-ARA55 into pSG5 expression vector, and pSG5-dARA55 also was re-created by site-directed mutagenesis by using the Quick-change mutagenesis kit (Invitrogen). Plasmids pSG5-AR, pSG5-ARA55, pSG5-ARA70, pSG5-ARA54, and pSG5-SRC-1 were constructed as described (15, 18) . The plasmids pBIG-ARA55 and pBIGdARA55 were constructed by inserting EcoRI fragment into pBIG2i expression vector as described (22) . AR antibody (NH27) was from A. Mizokami, ARA55 antibody was from PharMingen, and the prostate-specific antigen (PSA) antibody was obtained from DAKO.
Generation of Mutant ARA55 Library. The ARA55 mutant library was made by incubating 100 g of the plasmid DNA pACT2-ARA55 in 5 ml of 1 M hydroxylamine for 1 h at 70°C. The plasmid DNA was extracted with phenol͞chloroform (1:1) and recovered by precipitation with ethanol.
Yeast Two-Hybrid System. The plasmid pAS2-AR expressing AR ligand-binding domain first was transformed into yeast strain Y190. The pAS2-AR transformants were selected on plates containing synthetic dropout (SD) medium lacking tryptophan (SD͞ϪTrp). The hydroxylamine-mutated pACT2-ARA55 library then was transformed into the selected Y190 yeast cells expressing AR (previously transformed as mentioned above). The transformants then were plated on SD medium lacking tryptophan and leucine (SD͞ϪTrp͞ϪLeu) in the presence of DHT. A pool of white colonies indicating no interaction between AR and ARA55 mutants was selected by the ␤-galactosidase colony-lift filter assay. The plasmid DNA of ARA55 mutants was isolated from yeast cells that had spontaneously lost the cycloheximide-sensitive pAS2-AR plasmid upon plating the white colonies on SD͞ϪLeu in presence of 10 g͞ml cycloheximide (Sigma). This pool of noninteracting mutants was transformed further into yeast strain Y190 expressing both AR and ARA55 (previously generated by a sequential transformation). A number of mutants that generated more than 80% white colonies on ␤-galactosidase assay were selected as potential dominantnegative mutants, because these mutants not only had lost their ability to interact with AR on their own, but also could prevent interaction between wtARA55 and AR.
Construction of DNA Vector-Based RNA Interference (RNAi) Plasmids.
The 19-nt coding sequences corresponding to the target sequences, followed by a 5-nt spacer, an inverted repeat of the coding sequences plus 5 Ts, were subcloned into plasmid BS͞U6 (23) at the ApaI (blunt)͞EcoRI site. For example, the DNA template (sense) for RNAi-B (corresponding to nucleotides 327-345) is GGA GGA CCA GTC TGA ATT CCG TTC TTC AGA CTG GTC CTC CTT TTT. The selection of coding sequences was determined empirically and was analyzed by BLAST search to avoid any significant sequence homology with other genes. Using primer extension, we first generated the double-stranded DNA with an ApaI (blunt) and EcoRI site, which then was cloned into BS͞U6 plasmid after enzyme digestion. The construction of RNAi-A, RNAi-C, and RNAi-D was also done in a similar manner.
Cell Culture and Transient Transfection. The PC-3 and DU145 cells were routinely maintained in DMEM at 37°C under 5% CO 2 ͞95% air. The CWR22-R and LNCaP cells were maintained in RPMI medium 1640 (Life Technologies, Rockville, MD). All media were supplemented with 100 units͞ml penicillin G sodium and 100 g͞ml streptomycin sulfate, supplemented with 10% (vol͞vol) FCS. Cells were seeded in the culture medium on 12-well Petri dishes at a density of 1 ϫ 10 6 cells per dish for 24 h before transfection. One hour before transfection, the medium was replaced with 10% charcoal͞dextran-treated FBS medium for transfection using SuperFect transfection reagent as described by the manufacturer (Qiagen). After 2 h, the medium was replaced with fresh charcoal͞ dextran-treated FBS medium, and cells were treated with ligand or ethanol and incubated for an additional 24 h.
Luciferase Assay. Transfected and treated cells were washed two times with PBS, lysed by adding 200 l of passive lysis buffer, and harvested by scrapping, and luciferase activity was measured by the Dual Luciferase Assay Kit (Promega). Another reporter gene, encoding Renilla luciferase, was used as an internal control to confirm transfection efficiency.
Thiazolyl Blue Assay. The thiazolyl blue assay is a quantitative colorimetric assay for mammalian cell survival and proliferation. LNCaP413T55͞55fl cells were grown in six-well plates in RPMI medium 1640 with 5% charcoal͞dextran FCS. Cells were treated with DHT, E 2 , or HF in the presence or absence of doxycycline. After each treatment period, 200 l of thiazolyl blue (5 mg͞ml; Sigma) was added into each plate with 1 ml of medium for 3 h at 37°C. After incubation, 2 ml of 0.04 M HCl in isopropyl alcohol was added into each well. After several rounds of pipetting and 5 min of incubation at room temperature, the absorbency was read at a wavelength of 570 nm.
Mammalian Two-Hybrid System. Protein-protein interactions in mammalian two-hybrid systems were characterized in DU145 cells by measuring luciferase activity. AR, dARA55, and ARA55 were fused either to GAL4 DNA-binding domain in pCMX mammalian expression vector or to VP16 activation domain, generating pCMX-GAL4-AR, pCMX-GAL4-dARA55, VP16-ARA55, and VP16-dARA55 constructs. The plasmids were transfected into DU145 cells, and the luciferase activity was measured as described above.
Inducible and Stable Transfection. LNCaP cells were transfected with pBIG-dARA55 or pBIG vector. The pBIG2i vector contains all of the elements for tetracycline-responsive gene expression and a selective marker conferring resistance to hygromycin B for the selection of stable cell lines (24) . The transfected cells were incubated for 24 h in RPMI medium 1640 supplemented with 10% FCS. The medium then was supplemented with 100 g͞ml hygromycin B (GIBCO͞BRL) and incubated for 2 weeks. The resulting resistant clones were selected and cultured in the presence of doxycycline and examined for the expression of dARA55 by Western blotting. The selected pBIG-dARA55-expressing cells then were stably transfected with pCDNA3-HiswtARA55 plasmid, and neomycin-resistant clones were selected and verified for expression of His-ARA55. We thus generated an inducible (for dARA55) and a stable (for His-wtARA55) LNCaP cell line (LNCaP413T55͞55fl).
Western Blot Analysis. Total protein of cell extracts (doxycycline or control-treated) obtained from LNCaP413T55͞55fl cells was determined by using the Bio-Rad protein assay. Equal amounts of proteins were electrophoresed on an SDS͞polyacrylamide gel and blotted onto nitrocellulose membrane by using a standard protocol. The detection of the specific antibodies binding to the ARA55, AR, PSA, or ␤-actin proteins was accomplished by using the enhanced chemiluminescence Western blotting detection kit (Amersham Pharmacia).
Results
Identification of dARA55 Mutants. By using hydroxylaminemediated mutagenesis, a library of ARA55 mutants was generated by engineering random point mutations in ARA55. The mutated library then was screened by yeast two-hybrid system for those mutants that did not interact with AR. The screening system was extended to screen out those noninteracting mutants that could effectively interfere with the interaction between ARA55 and AR in a dominant-negative fashion. A pool of potential dominant-negative mutants was thus generated by this double-negative selection in the yeast cells.
The selected mutants then were subcloned into the mammalian expression vector pSG5 and assayed for their dominant-negative effects in DU145 cells that do not express ARA55 or AR. We cotransfected ARA55 mutants and ARA55 along with AR and assayed for AR transcriptional activity with a mouse mammary tumor virus-luciferase (MMTV-Luc) reporter gene. As shown in Fig. 1Aa , cotransfection of ARA55 enhances AR transactivation (lane 2 vs. 4). The addition of a select ARA55 mutant significantly suppresses the ARA55-enhanced AR transactivation in a dosedependent manner (lanes 5-7). When MMTV-Luc was replaced by PSA-Luc containing a natural AR promoter or by a synthetic (ARE) 4 -Luc, similar results were obtained (Fig. 1 A b and c,  respectively) . Because DU145 cells do not express endogenous ARA55, we notice that the addition of dARA55 into this ARA55-negative cell shows little suppression effect for AR transactivation (lanes 2 vs. 8), suggesting dARA55 may go through ARA55 to suppress AR transactivation. To verify its specificity, we then cotransfected this mutant in the presence of either ARA55 or other related AR coregulators, including ARA54, ARA70, and SRC-1, in DU145 cells and assayed for AR transactivation. As expected, this mutant selectively inhibited ARA55-enhanced AR transactivation without any significant effect on other related coregulators (Fig. 1B) . The inhibition was also relatively selective for AR, because the mutant showed little or no effect on other related steroid receptors, including progesterone receptor and glucocorticoid receptor in PC-3 cells that express endogenous ARA55 (Fig.  1C) . We selected this mutant as dominant-negative ARA55 mutant and designated it as dARA55. Sequence analysis revealed a single point mutation (G-to-A transition) at the first position of codon 413, resulting in an alanine-to-threonine substitution. . 3) . As expected, transfection of dARA55 significantly inhibited AR transactivation in a dose-dependent manner (lanes 4-6). This inhibition by dARA55 was confirmed in two other prostate cancer cell lines, CWR22-R and LNCaP (Fig. 2  B and C, respectively) , which express endogenous ARA55 as well as AR. The CWR22-R expresses a mutant AR and represents a hormone-refractory state of prostate cancer (25, 26) . The LNCaP cells also express a mutant AR, which frequently is found in advanced prostate cancer patients. These results clearly demonstrate that dARA55 can selectively suppress endogenous ARA55-mediated AR transactivation in prostate cancer cells.
dARA55 Reduces the Agonist Activity of Antiandrogens in Prostate
Cancer Cells. Antiandrogens given to antagonize residual androgen action during maximal ablation therapy lose their efficacy as antagonists and eventually function as agonists to promote ARmediated growth of prostate cancer cells (13) (14) (15) . To test whether ARA55 plays any role in this agonist activity of antiandrogens, we designed experimental conditions that closely mimicked conditions of maximal androgen ablation therapy. Prostate cancer patients may have minimal concentrations of androgens (0.1 nM) and a relatively high level of antiandrogens (1-5 M) during ablation therapy. We used a modified LNCaP cell line (LNCaP413T55͞ 55fl), which expresses both wtARA55 (stable expression) and dARA55 (inducible upon doxycycline treatment). We introduced this modification in our laboratory and confirmed the expression levels of ARA55 and dARA55 by Western blot analysis (data not (2 g). After 24 h of 1 nM DHT treatment, the Luc activity was measured as before. (C) PC-3 cells that express endogenous ARA55 were transfected with AR, progesterone receptor, or glucocorticoid receptor expression plasmids alone or in the presence of ARA55 or dARA55. After 24 h of DHT, progesterone (P), or dexamethasone (Dex) treatment, receptor activity was measured by using an MMTV-Luc reporter gene assay.
shown). We transfected the cells with MMTV-Luc reporter gene and, after 48 h of androgen and͞or antiandrogen treatment in the above conditions in either the presence or the absence of doxycycline, harvested the cells, and assayed for AR transcriptional activity by using the luciferase assay. As depicted in Fig. 3A , the antiandrogen HF and nonandrogenic molecule E 2 increased AR activity, functioning as an agonist in ARA55-expressing LNCaP413T55͞55fl cells (lanes 6 and 10). In conditions of androgen ablation therapy, these molecules failed to antagonize or block androgen actions in the cells (lanes 7 and 11) . However, expression of dARA55 induced by doxycycline treatment significantly reduced this agonist activity of these antiandrogens in the cells (lanes 8-9 and 12-13).
Using the same LNCaP413T55͞55fl cells, we then tested the effect of dARA55 on cell proliferation in similar treatment conditions. As shown in Fig. 3B , the expression of ARA55 (Ϫdoxycy-cline) increased cell growth, whereas dARA55 (ϩdoxycycline-treated) resulted in a significant decrease in cell growth in response to DHT, E 2 , or HF alone or when combined as indicated. As a control, we also used vector-expressed LNCaP cells that did not show any significant differences in either the presence or the absence of doxycycline (lanes 2 and 3, respectively) .
The inhibition of AR transactivation as well as cell growth by the dARA55 was well reflected in the diminished expression of PSA levels in the cells as measured by Western blot analysis. The expression of PSA, an AR target gene, has been used as the most useful diagnostic marker to monitor progression of prostate cancer (27, 28) . As depicted in Fig. 3C , both E 2 and HF by themselves significantly increased PSA expression (lanes 6 and 10) in untreated LNCaP413T55͞55fl cells, whereas cells treated with doxycycline showed significantly diminished expression of PSA by these drugs (lanes 8 and 12) . In conditions of maximal androgen ablation therapy, instead of blocking androgen action, these drugs increased PSA expression in the untreated cells (lanes 7 and 11). In contrast, both E 2 and HF were able to reduce the androgen action and inhibited PSA expression in treated cells (lanes 9 and 13). The dARA55, thus by inactivating ARA55, reduces the agonist activity of antiandrogens in prostate cancer cells. These findings suggest that the activation of AR by antiandrogens or other nonandrogenic molecules may be dependent on the expression of ARA55 in the cells.
RNAi-Mediated Silencing of ARA55 Gene Inhibits AR Transactivation
and Reduces the Agonist Activity of Antiandrogens in LNCaP Cells. To confirm these roles of ARA55 on AR transactivation and on the agonist activity of antiandrogens, we investigated the effect of RNAi-mediated ARA55 gene silencing in LNCaP cells as shown in Fig. 4 . We constructed four RNAi constructs as described in Materials and Methods. We first tested their effect on AR transactivation in DU145 cancer cells. Whereas construct D had no effect, constructs A, B, and C were highly effective in inhibiting exogenously transfected, ARA55-enhanced AR transactivation (data not shown). To see whether these three constructs also were able to inhibit endogenous ARA55 and thereby able to inhibit endogenous AR function, we transfected construct A, B, or C into PC-3(AR) 2 cells, which express both ARA55 and AR. As depicted in Fig. 4E , whereas all three RNAi-constructs were able to inhibit endogenous AR function in a dose-dependent manner (lanes 4-9), construct A seemed to inhibit basal AR activity in high doses (lane 5). Western blot analysis using cell lysates from PC-3(AR) 2 transfected with each of these RNAi constructs confirmed the silencing of ARA55 gene in the cells (Fig. 4D) . The silencing was specific for (LNCaP413T55͞55fl) were cultured in the presence or absence of doxycycline. After 48-h treatment of DHT or antiandrogens alone or in combination as indicated, cells were harvested and lysed with RIPA buffer (0.15 mM NaCl͞0.05 mM Tris⅐HCl, pH 7.2͞1% Triton X-100͞1% sodium deoxycholate͞0.1% SDS) and analyzed for PSA expression by Western blotting using PSA antibody as described above. The expression of AR and ␤-actin is shown in the middle and bottom blot, respectively. In all blots, LNCaP cells expressing pBIG vector were used as control.
ARA55 only, because the expression of a related AR coactivator, ARA70, or AR protein was not affected by any of these RNAi constructs.
To test whether the reducing effect of antiandrogens by the dARA55 can be reproduced by RNAi-mediated gene silencing of ARA55, we transfected LNCaP cells with construct B and measured AR transactivation in conditions of androgen ablation therapy as described earlier. As depicted in Fig. 5 , although both E 2 and HF were able to increase AR transactivation (lanes 5, 6, 11, and 12), transfection of RNAi-B significantly reduced the agonist activity of these antiandrogens in either the absence or the presence of DHT. These findings are well consistent with our previous findings with dARA55 mutants. Taken together, our study strongly suggests a role of ARA55 in the acquired agonist activity of antiandrogens in LNCaP prostate cancer cells.
dARA55 Forms a Nonfunctional Homomer with ARA55. The dARA55 was identified on the assumption that the noninteracting mtARA55 might form a nonfunctional heteromer with ARA55, which may or may not interact with AR, but will interrupt AR transcriptional activity. We used mammalian two-hybrid assay to verify this phenomenon. The dARA55, ARA55, and AR were fused to GAL4 DNA-binding domain or VP16 activation domain, and plasmids were transfected into DU145 cells. The interactions between expressed proteins were analyzed by using pG5-Luc reporter gene. As shown in Fig. 6A , compared with ARA55, the dARA55 lost its ability to interact with AR (lanes 4 vs. 8), which is consistent with our yeast two-hybrid screening results. The dARA55 could form a heteromer with ARA55, similar to ARA55-ARA55 dimerizations (Fig. 6B, lanes 3 and 4 vs. lanes 7 and 8) . The addition of dARA55 substantially disrupts the interaction between ARA55 and ARA55 (Fig. 6B, lane 6) . Although dARA55 could form a heteromer with ARA55, it did not prevent ARA55 interaction with AR (Fig. 6A,  lane 6 ). These findings suggest that dARA55 may form a nonfunctional heteromer with ARA55 that does not support AR transcriptional activity in the cells.
Discussion
Since the cloning of its complementary DNA structure in 1988 (29) , the AR-signaling pathway has been studied extensively to elucidate its role in the development and progression of prostate cancer. Substantial evidence indicated that ligand-bound AR regulates target genes by a mechanism involving coregulators such as ARA55. We investigated whether interruption of the AR coregulator function could lead to down-regulation of AR activity in the cells, which may have critical implications in regulating prostate cancer progression. Using in vitro mutagenesis and a double-negative selection in yeast two-hybrid screening, we have identified a dominant-negative AR coactivator, dARA55, which inhibits ARA55-enhanced AR transcriptional activity in prostate cancer cells. The strategy for identification of a dominant-negative ARA55 mutant was based on the rationale that any mutant that loses its interaction with AR but still forms a nonfunctional heteromer with wtARA55, which may or may not form a complex with AR, might be able to interrupt the AR transcriptional activity. We created an ARA55 library by using hydroxylamine-mediated mutagenesis, which induces random point mutations. Hydroxylamine reacts with double-stranded target DNA to create N 4 -hydroxycytosine and N 2 -hydroxyguanine, which can base-pair with adenine and thymine, respectively, resulting in both C-to-T and G-to-A transition mutations and, thereby, generating an assortment of random mutations in the DNA (30) . The dominant-negative mutant then was isolated by two-hybrid screening of the mutant library in the yeast and confirmed by reporter gene assay in mammalian cells. A single point mutation (G-to-A transition) generated an alanineto-threonine substitution at amino acid 413, transforming a potent AR coactivator (ARA55) into a strong inhibitor (ARA55A413T) of AR transcriptional activity. Whereas ARA55 in an oligomeric form interacts with AR and enhances its transcriptional activity, the dARA55 lacking AR interaction forms a nonfunctional heteromer with ARA55 and inhibits ARA55-enhanced AR activity. Ectopic expression of the dominant-negative mutant not only inhibits androgen-dependent AR transcriptional activity but also reduces the agonist activity of antiandrogens or nonandrogenic molecules in prostate cancer cells. Identical results obtained by using RNAi-mediated silencing of ARA55 gene further strengthen the role of ARA55 in the acquired agonist activity of antiandrogens in LNCaP cells.
Androgens and AR play a vital role both in normal prostate development and in the progression of prostate cancer. Therefore, blocking the AR-signaling pathway is critical for controlling prostate cancer. Effectiveness of therapeutic agents, including androgen ablation and͞or antiandrogens, depends on sustained blockade of AR-mediated growth of prostate cancer cells. Maximum ablation therapy used in the treatment of prostate cancer, although initially effective, fails to sustain its efficacy when continued beyond 1-2 years. Tumor cells become resistant to ablation therapy and AR loses its specificity and becomes activatable by antiandrogens or other antiandrogenic therapeutic agents, the mechanisms of which are largely unknown. Previously, a possible role of AR mutations has been reported by a number of groups (12) (13) (14) . The abrogation of the agonist activity of antiandrogens in conditions of androgen ablation therapy by a dominant-negative ARA55 mutant in the present study establishes a role of ARA55 in the process. The LNCaP cells used in this study express a mutant AR (T877A), which also is found in prostate cancer patients, that can change the AR specificity in response to agonists and antagonists. The inhibition of AR transcriptional activity and͞or the agonist activity of antiandrogens in these cells by a dominant-negative ARA55 mutant, and also by a RNAi-construct against ARA55, clearly indicates a probable dominant role of ARA55 over AR mutation in the process.
The interruption of AR-ARA55 interaction thus offers a target for developing new therapeutic agents that can reduce the agonist activity of antiandrogens and inhibit AR-mediated growth of prostate cancer cells. The dominant-negative mutant itself may be evaluated as a gene therapeutic reagent. However, the effects of dARA55 on tumorigenesis in mice need to be examined to see whether the mutant can rescue the function of antiandrogens or whether it will be sufficiently effective to suppress the progress of prostate tumor growth in vivo. In addition, the role of other AR coregulators needs to be evaluated to the same extent. Fig. 6 . The effect of dARA55 on the interaction between AR-ARA55 and ARA55-ARA55 homodimer. DU145 cells were transfected with 2.5 g of GAL4-hybrid expression plasmids pGAL4-AR (A) and GAL4-ARA55 (B). Also included in both A and B were 2.5 g of pCMX-VP16-ARA55 or pCMX-VP16-dARA55 and 2.5 g of pG5-Luc reporter gene with or without pSG5-ARA55 or pSG5-dARA55. Each Luc activity is presented relative to that of lane 4 in each graph (filled bars, set as 100%). Values represent the mean Ϯ SD of at least three independent determinations.
